The species composition of Liriomyza leafminers infesting commercially grown tomato plants was surveyed in two contiguous greenhouses in Muko City, Kyoto Prefecture, from August to December 1999. Full-grown larvae and puparia of Liriomyza were collected weekly from the greenhouses, and reared to adult emergence in the laboratory. The male adult flies that emerged were identified on the basis of the shape of their genitalia. The results revealed the occurrence of L. sativae, which has not been recorded in Japan. L. sativae coexisted with L. trifolii and L. bryoniae in one tomato greenhouse and with L. bryoniae in the other. Further, the relative abundance of the three species changed throughout the growing season of tomato plants and the peaks of each species population differed.
INTRODUCTION
The American serpentine leafminer, Liriomyza trifolii (Burgess), was found for the first time in Japan in 1990, and has subsequently spread throughout the country (Saito, 1997) . This leafminer fly attacks a variety of economically important plants, and serious damage to tomato plants was reported (Saito, 1997) . L. trifolii has received much attention from entomologists over the past decade in Japan. Nonetheless, the tomato leafminer L. bryoniae (Kaltenbach) that is indigenous to Japan predominates in tomato greenhouses, and sometimes coexists with L. trifolii in Kyoto Prefecture (Tokumaru, personal communication) . L. bryoniae is also an important pest attacking crops in Japan (Saito, 1997) and Europe (Minkenberg and Lenteren, 1986) . We therefore examined the relative abundance of the two Liriomyza species occurring in two commercial tomato greenhouses in Muko City, Kyoto Prefecture, throughout a growing season in 1999. During this study, we found a Liriomyza species other than L. trifolii and L. bryoniae, and Dr. M. Sasakawa identified it as L. sativae Blanchard on the basis of the shape of the male genitalia. L. sativae is a serious pest of vegetable and ornamental crops, and develops resistance against insecticides (Spencer, 1990) . This fly was originally distributed in the New World, and its range extended to Hawaii, Guam, Tahiti, Asia and Africa (Iwasaki et al., 2000) . In 1999, L. sativae was discovered for the first time in Japan, in Kyoto and Yamaguchi Prefectures (Iwasaki et al., 2000) . After that, this fly has been recorded in Nara, Osaka, Hyogo, Nagasaki, Oita, Kumamoto and Okinawa Prefectures (Iwasaki et al., 2000; Tokumaru and Abe, 2001) .
In the present paper, we document the relative abundance of L. sativae, L. trifolii and L. bryoniae throughout the growing season in the two tomato greenhouses.
MATERIALS AND METHODS
We conducted weekly surveys of two commercial tomato greenhouses (636 m 2 each) located in Muko City, Kyoto Prefecture, from 24 August to 21 December 1999. The two contiguous greenhouses were labelled greenhouse A and greenhouse B. In greenhouse A, 1,160 plants of tomato cultivar 'Sakata-shiko-630' were transplanted on 10 August, and in greenhouse B, 1,012 plants of the same cultivar were transplanted on 21 August 1999. All the plants were grown hydroponically. In mid Sep-tember, the tomato plants began to produce blossoms, and the European bumblebee, Bombus terrestris, was introduced into both greenhouses to pollinate the tomatoes. The growers pinched the tomato plants from early October; the number of leaves per plant was usually less than 20 until 21 December. From 15 October to late December 1999, the tomatoes were harvested.
To suppress Liriomyza spp., flufenoxuron was applied by the growers in greenhouse A on 10 August, and in both greenhouses on 4 September. Emamectin benzoate was also applied in both greenhouses for suppression of Liriomyza spp. and Helicoverpa moths on 25 September.
In each greenhouse, we collected all full-grown larvae and puparia of Liriomyza found on foliage of 100 randomly-chosen plants, using a soft brush. We also collected the larvae and puparia that had dropped to the floor around the plants. The insects were placed in 250-ml plastic cups at room temperature (20-25°C) in our laboratory until adult emergence. After adult emergence, all the males were boiled in 10% KOH solution for 5 min, then transferred into a petri dish containing water. Their abdomens were dissected with two minute pins under a Nikon SMZ stereo microscope and the male genitalia of the flies were observed at ϫ300 magnification. We identified the male Liriomyza flies on the basis of the shape of the genitalia. After examination, the male genitalia were preserved in 75% ethanol. Iwasaki et al. (2000) provided a tentative key to five economically important species of Liriomyza, L. sativae, L. trifolii, L. bryoniae, L. asterivora and L. brassicae, mainly on the basis of the coloration of adults and the host plants. However, they stressed that male genitalia should be examined for accurate identification of L. sativae, L. trifolii and L. bryoniae, because of the similarity in the coloration of adults. To identify the male Liriomyza flies that emerged, we examined their genitalia. As a result, coexistence of L. sativae, L. trifolii and L. bryoniae was demonstrated. Figure 1 shows male genitalia of L. sativae, L. trifolii and L. bryoniae. L. sativae and L. trifolii can be distinguished from L. bryoniae on the basis of the shape of the distiphallus. The distiphallus is twice as long as the mesophallus in L. sativae, but is equal to the mesophallus in L. trifolii. Tables 1 and 2 show the seasonal change in relative abundance of Liriomyza species that occurred in the two tomato greenhouses. Although the emergence rate of Liriomyza adults was low, probably due to desiccation of the puparia, seasonal abundance was estimated from the number of male 278 Y. Abe and T. Kawahara adults that emerged. L. sativae and L. bryoniae were found in greenhouse A. The L. sativae population was measurable from October to December and peaked from late October to early November, and L. bryoniae was present from September to October and peaked from mid to late September. In greenhouse B, three Liriomyza species coexisted. The L. sativae population was measurable from August to November and peaked from mid October to early November, and L. bryoniae was present (Minkenberg and Lenteren, 1986) . L. sativae and L. trifolii are known to coexist on celery (Trumble and Nakakihara, 1983; Zehnder and Trumble, 1984) and tomato (Zehnder and Trumble, 1984) in California, on cotton in Arizona (Palumbo, 1992) , and on bush bean (Johnson and Mau, 1986) and watermelon (Johnson, 1987) in Hawaii. Among these studies, Trumble and Nakakihara (1983), Zehnder and Trumble (1984) and Johnson and Mau (1986) monitored the relative abundance of the two species throughout one or two growing seasons of the host plant. Similar to our study, the peaks of L. sativae and L. trifolii differed from each other in experimental celery plantings (Trumble and Nakakihara, 1983) . According to Trumble and Nakakihara (1983) , L. trifolii was predominant in the celery plantings, and the migration of L. sativae possibly occurred from nearby pole tomatoes to the plantings. Further, they suggested that the influx of L. sativae caused the corresponding decrease in L. trifolii density. Zehnder and Trumble (1984) documented the host preference of L. sativae for tomato and that of L. trifolii for celery in adjacent plantings of the two crops. According to Johnson and Mau (1986) , L. sativae peaked twice but L. trifolii steadily decreased throughout the study on bush bean.
RESULTS AND DISCUSSION
L. sativae was predominant and few of L. trifolii and L. bryoniae were present in the two tomato greenhouses in Muko City from August to December 2000 (Tokumaru and Abe, 2001; unpublished data) . On the contrary, L. trifolii displaced L. sativae on tomato in Florida (D. Schuster, personal communication cited by Zehnder and Trumble, 1984) . Zehnder and Trumble (1984) suggested that differential susceptibility to insecticides between the two species is partially responsible for the species shift. According to Johnson (1987) , L. sativae was the major agromyzid species in watermelon plantings, but L. trifolii was always present in low numbers in each planting. After application of fenvalerate, however, L. trifolii was predominant in one watermelon planting (Johnson, 1987) . Mason et al. (1987) verified that L. trifolii was more tolerant to fenvalerate than was L. sativae.
To efficiently control L. sativae, L. trifolii and L. bryoniae that coexist, the cause of the change in the relative abundance of the three species in the two tomato greenhouses should be elucidated. Therefore, it is necessary to compare the development, reproductive rate, migration ability, host plant exploitation and susceptibility to insecticides among Japanese populations of these three species. Most of the biological traits of the Japanese L. trifolii and L. bryoniae populations have already been clarified (Saito, 1988a (Saito, , b, 1997 . Susceptibility to insecticides varied among geographic populations of L. sativae (Mason et al., 1987) , and such geographic variation may exist in other biological traits of this species. Since the Japanese population of L. sativae is considered to be an immigrant of unknown origin (Iwasaki et al., 2000) , there is an urgent need to clarify its biological traits.
Our study demonstrates the coexistence of L. sativae with L. trifolii and L. bryoniae in one tomato greenhouse and with L. bryoniae in the other. However, it is difficult for the growers to identify the three species of Liriomyza occurring in tomato greenhouses. Consequently, we consider that a control procedure for all three species is required.
